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(54) REAR FOCUS TYPE ZOOM LENS 

(57)Abstract: 

PROBLEM TO BE SOLVED: To secure space for a back focus by providing a 
zoom lens with 1st to 4th lens groups being positivenegativepositive and positive 
in order from an object sideperforming focusing by moving the 4th lens 
groupproviding the 3rd lens group with a negative lens whose concave surface is 
faced to the object side on the closest side to the object and satisfying a 
specified conditional expression. 

SOLUTION: This zoom lens is provided with the 1st lens group L1 having 
positive refractive powerthe 2nd lens group L2 having negative refractive 
powerthe 3rd lens group L3 having the positive refractive power and the 4th lens 
group L4 having the positive refractive power in order from the object side. 
Zooming is performed by moving the 2nd and the 4th lens groups L2 and L4and 
focusing is performed by moving the 4th lens group L4. The 3rd lens group L3 is 
provided with the negative lens whose concave surface is faced to the object 



side on the closest side to the objectand satisfies the expression assuming that 
length obtained by converting the distance from the final surface to the image 
surface of the zoom lens at an wide-angle end infinity object into air is BFthe 
focal distance of the entire system at a wide angle end is an F-numberand half 
viewing angles are twFNWand u). 



CLAIMS 



[Claim(s)] 

[Claim 1]The 1st lens group that has positive refracting power in order from the 
object sidethe 2nd lens group that has negative refracting powerlt has the 3rd 
lens group that has positive refracting powerand the 4th lens group that has 
positive refracting powerlt is a rear focus type zoom lens which moves said 2nd 
lens group and said 4th lens groupperforms zoomingmoves said 4th lens 
groupand performs a focusSaid 3rd lens group has the negative lens which 
turned a concave surface to the object side most to the object sideWhen a focal 
distance of the whole system [ in / for length when distance from a final surface 
of this zoom lens in a wide angle end infinite distance object to the image surface 
is converted into air / BF and a wide angle end ] is set with the f number and a 
half-field, angle is respectively set with fwFiwvand omega [External Character 1] 

' a mi 

The zoom lens of the rear focus type satisfying the becoming conditional 
expression. 

[Claim 2]A curvature radius of a lens side by the side of an object of said 
negative lens R3ifA rear focus type zoom lens of Claim 1 which satisfies -0.60< 
R3if / conditional expression which becomes f3<-0.100.30< R3if/f3i<0.90 when a 
focal distance of said negative lens and said 3rd lens group is respectively made 
into f3K and f3. 

[Claim 3]A zoom lens of a rear focus type of Claim 1 wherein said 3rd lens group 



4 



has a cemented lens of positive refractive power at least. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the lnvention]Securing the long back focus that a color separation prism 
enters between a lens and CCDabout the zoom lens of a rear focus 
typemoreover its front ball diameter is small at a high variable power ratioand 
especially this invention relates to the zoom lens of a large caliber rear focus type. 
[0002] 

[Description of the Prior Art]These daysin connection with small weight 
savingssuch as a home video cameraremarkable progress is looked at by the 
miniaturization of the zoom lens for an image pick-upand power is especially 
directed towards shortening of an overall lengththe miniaturization of a front ball 
diameterand simplification of composition. 

[0003]The zoom lens of what is called a rear focus type which moves lens groups 
other than the 1st lens group by the side of an objectand performs a focus as one 
means to attain these purposes is known. 

[0004]Generallycompared with the zoom lens which the zoom lens of a rear 
focus type moves the 1st lens groupand performs a focusthe effective diameter 
of the 1st lens group becomes smalland the miniaturization of the whole lens 
system becomes easy. Since close photographingespecially pole close 
photographing become possible and the further comparatively small lightweight 
lens group is movedthe driving force of a lens group is smalland endsand quick 
focusing is made. 

[0005]As a zoom lens of such a rear focus typefor exampleJPS62-206516AThe 
1st lens group more positive than the object side to order with JPS62-215225A 
and JPS62-24213AHave the 2nd negative lens groupthe 3rd positive lens 



groupand the 4th positive lens groupmove the 2nd lens groupperform variable 
powerand the image surface fluctuation accompanying variable power is 
amended by the 4th lens groupand the zoom lens which performs focusing is 
indicated. 

[0006]ln JPH4-4331 1 AJPH4-1 5361 5AJPH5-1 91 65AJPH5-271 67Aand JPH5- 
60973Athe example which comprised one convex lens or two convex lenses in 
the 4th lens group is indicated. In JPH5-60974Athe zoom lens which comprised 
two sheets of unevenness of the 4th lens group is indicated. 
[0007]JPS55-6241 9AJPS62-2421 3AJPS62-21 5225AJPS56-1 1 4920Aln 
gazettessuch as JPH3-200113AJPH4-242707AJPH4-343313Aand JPH5- 
297275Athe 3rd group and the 4th group are indicating that each becomes with 
the two-sheet composition of a positive lens and a negative lens in the working 
example. 

[0008]High definition-ization of a video camera is progressing with highly- 
efficient-izing (digitization) of a videocassette recorder. Decomposition of the 
picture by a color separation optical system has attained high definition as the 
one method. And there are gazettessuch as JPH5-72474AJPH6-51 199AJPH6- 
337353AJPH6-347697AJPH7-199069Aand JPH7-270684Aas a lens suitable for 
it. 

[0009] 

[Problem(s) to be Solved by the InventionJAs stated abovein order to attain the 
miniaturization of a front ball diameter and the whole systemgenerally in the 
zoom lenswhat is called a rear focus system is suitable rather than distance 
doubling by the 1st lens group. 

[0010]Howeverin JPH4-02681 1 A and JPH4-88309Ait was difficult to arrange a 
color separation prism in the composition. 

[001 1]JPH4-4331 1AJPH4-153615AJPH5-19165AJPH5-27167AAnd when a 
zoom ratio is about 8 times from 6 times and became a high double zoom lens 
beyond this with these zoom lenses currently indicated by JPH5-60973Ait was 
difficult for change by the variable power of a chromatic aberration to become 



large too muchto be unable to amendand to demonstrate sufficient optical 
performance, high twice with a zoom ratio too as sufficient also in the example 
currently indicated by JPH5-60974A as an 8 time class — izing was not attained. 
[0012]lt was unsuitable in order for lens barrel structure to become complicated 
in the example currently indicated by JPS55-62419AJPS56-1 14920Aand JPH3- 
2001 13A in order that the 1st group or the 3rd group may also move in 
connection with variable powerand to attain a miniaturization. JPH4-242707A 
and JPH4-343313Aln the example currently indicated by JPH5-297275Asince 
the 3rd group has composition with big air spacingand the refracting power of the 
negative lens in the 3rd group is still weakerin order to apply to a high variable 
power zoom lensthe type which can fully amend the chromatic aberration 
generated by the 3rd group does not become. FurthermoreSince it is effective in 
the formation of a tele photograph since the concave meniscus lens in the 3rd 
group has the composition of having turned the concave surface strong against 
the image surface sidein the example proposed by JPH5-297275Abut it is 
composition unsuitable for a concave lens receiving the high order flare 
components generated with the convex lensa large caliberlt is a 
disadvantageous type for a high variable power zoom lens. 
[0013]JPH5-72474AJPH6-51199Athe example currently indicated in 
gazettessuch as JPH6-337353AJPH6-347697AJPH7-199069Aand JPH7- 
270684A-- the working example each - high twice with a too as sufficient 
zoom ratio as about 10 to 12 times —izing was not attained. 
[0014]The purpose of this invention improves the fault of the above-mentioned 
conventional exampleand about improvement of JPH7-270684A of this people 
proposal especiallyThe back focus space containing optical elementssuch as 
prism for color separationor the optical element aiming at protection of a zoom 
lens part is fully securedlt aims at providing and setting the zoom lens of the rear 
focus type which planned about 16-time high variable power with a large 
caliberand providing the removable video camera of this zoom lensmaintaining 
good optical performance covering all the zoom areas and whole object distance. 



[0015] 

[Means for Solving the Problem]The 1st lens group that this invention is a basis 
of this purpose and has positive refracting power in order from the object sideThe 
2nd lens group that has negative refracting powerthe 3rd lens group that has 
positive refracting powerlt is a rear focus type zoom lens which has the 4th lens 
group that has positive refracting powermoves said 2nd lens group and said 4th 
lens groupperforms zoomingmoves said 4th lens groupand performs a focusSaid 
3rd lens group has the negative lens which turned a concave surface to the 
object side most to the object sideWhen a focal distance of the whole system [ in 
/for length when distance from a final surface of this zoom lens in a wide angle 
end infinite distance object to the image surface is converted into air / BF and a 
wide angle end ] is set with the f number and a half-field angle is respectively set 
with fwFNwand omega [0016] 
[External Character 2] 

la i 

The becoming conditional expression is satisfied. 

[0017]namelythe light flux emitted in the 2nd lens group abbreviated by 
considering the 3rd lens group for supposing that it is afocal as the retro type 
which a negative lens precedesand specifying face shape. The axial ray height 
which enters more the principal point interval of the 2nd lens group and this 3rd 
lens group into the 3rd lens group of a difference is made higher by arranging so 
that the principal point interval of the 3rd group may be kept away from the 2nd 
group. Thereforethe focal distance of the 4th group for making the focal distance 
of the whole system into the specified quantity can be lengthenedand the back 
focus as working distance is lengthened, namelythe light flux which comes out of 
the 3rd lens group - abbreviated - since it is afocalif the length of a back focus is 
calculated by a principal point system - about - it becomes the same as the 
focal distance of the 4th lens group. Thereforein order to fix the focal distance of 
the whole system and to lengthen the focal distance of the 4th lens groupit turns 



out that what is necessary is just to make high axial Uemitsu height h in the 3rd 
lens group as shown by drawing 19 . 

[0018]Especially a curvature radius of a lens side by the side of an object of said 

negative lens R3ifWhen a focal distance of said negative lens and said 3rd lens 

group is respectively made into and f3-Good aberration is made to be 

acquiredwhile satisfying 0.60<R3if / conditional expression which becomes f3<- 

0.100.30< R3if/f3i<0.90 and securing a back focus. 

[0019]The further feature is indicated to the following explanation. 

[0020] 

[Embodiment of the lnvention]Nextit explains concretely using working example 
of this invention. 

[0021]The lens sectional view of numerical working example 1-9 where the zoom 
lens of the rear focus type of this invention mentions drawing 1 - drawing 9 
late rdrawing 10 - drawing 18 show the several aberration figure of each working 
example respectively. In each aberration figureA shows the aberration figure in a 
wide angle endan aberration figure [ in / in B / middle ]and a several aberration 
figure [ in / in C / a tele edge ]. 

[0022]As for the inside L1 of a figurethe 1st lens group of positive refracting 
powerthe 2nd lens group of refracting power negative in L2the 3rd lens group of 
refracting power positive in L3and L4 are the 4th lens group of positive refracting 
power. SP is an aperture diaphragm and is stationed just before the 3rd lens 
group L3. GA is cover glass aiming at protection of a zoom lensand GB(s) are 
glass blockssuch as a color separation prisma faceplate of CCDand a low pass 
filter. From L1 to GA is a zoom lens partand is fixed to the camera body via 
mount member C. Thereforethe image surface side is contained in a camera 
body after GB. 

[0023]ln this exampleon the occasion of the variable power from a wide angle 
end to a tele edgethe 2nd lens group is moved to the image surface side like an 
arrowand the 4th lens group was moved and the image surface fluctuation 
accompanying variable power is amended. The rear focus type which moves the 



4th lens group on an optic axisand performs a focus is adopted. It is made to 
move so that it may have a convex locus to the object side on the occasion of the 
variable power from a wide angle end to a tele edgeas shown especially in the 
curves 4a and 4b of drawing 1 . This aimed at effective use of the space of the 
3rd lens group and the 4th lens groupand shortening of whole length of the lens 
is attained effectively. The curve 4a of the solid line of the 4th lens group and the 
. curve 4b of a dotted line which are shown in the figure show the moving track for 
amending the image surface fluctuation at the time of following on the variable 
power from a wide angle end when carrying out the focus to the infinite distance 
distance object and the short distance object respectively to a tele edge. The 1st 
lens group and the 3rd lens group are immobilization in the case of variable 
power and a focus. 

[0024]ln numerical working example 1-3and 9the 3rd lens group comprises a 
cemented lens of the negative refracting power which consists of negative and 
positiveand a cemented lens of the positive refracting power which consists of 
positive and negativeand constitutes the retro type positive lens group as a whole. 
And as for the cemented lens of negative refracting powerthe lens side by the 
side of an object has turned the concave surface to the object side. In this wayit 
contributes to giving the role which keeps away the principal point position of the 
3rd lens group from the 2nd lens groupand lengthening a back focus. Especially 
compared with the image sidenegative power (a curvature radius is short) strong 
against the object side is givenand the principal point position is located more 
back. 

[0025]On the other handas for the cemented lens of said positive refracting 
powerthe lens side by the side of the image surface has a strong refracting 
interface (a curvature radius is short) compared with the field by the side of the 
object of this cemented lenslt contributes to this cemented lens also bearing the 
role which keeps away the principal point position of the 3rd lens group from the 
2nd lens group similarlyand lengthening the focal distance of the 4th lens 
grouptherefore lengthening a back focus. 



[0026]ln numerical working example 4-8the 3rd lens group comprises a negative 
single lens and a positive single lensand constitutes the retro type positive lens 
group as a whole in a similar manner. Furthermoreit contributes to said negative 
single lens bearing the role which is a concave surface with a strong field by the 
side of an objectand keeps away the principal point position of the 3rd group from 
the 2nd groupand lengthening the focal distance of the 4th grouptherefore 
lengthening a back focus. 

[0027]lt contributes to said positive single lensbearing the role with which the 
field by the side of the image surface has a strong refracting interface (a 
curvature radius is short) compared with the field by the side of an objectand 
keeps away the principal point position of the 3rd lens group from the 2nd lens 
group on the other handand lengthening the focal distance of the 4th lens 
grouptherefore lengthening a back focus. 

[0028]Thusin this examplethe back focus of the 3rd lens group to the extent that 
a negative lens is most arranged to the object sidea principal point position is 
back arranged for the lens side by the side of the object of this negative lens as a 
concave surface to the object side and a color separation prism can be arranged 
back is secured. 

[0029]And while securing a back focusin order to maintain good aberrationWhen 
the focal distance of the whole system [ in / for length when the distance from the 
final surface of this lens in the infinite distance object of a wide angle end to the 
image surface is converted into air / BF and a wide angle end ]and an open F 
number and a half-field angle are respectively set to fwFNwand omega[0030] 
[External Character 3] 

l a ^ 

The becoming conditional expression is satisfied. 

[0031 ]lf the f number is made bright exceeding a lower limitit will become difficult 
for a high order spherical aberration and a coma aberration to occur and amend. 
[0032]Exceeding upper limitif the f number becomes darkan axial ray bunch will 



become thinand it becomes possible to miniaturize a color separation prism 
arranged by this between a final surface of this lensand the image surface. That 
isin spite of not lengthening a back focusit must lengthen and huge-ization of this 
whole length of the lens is imitatedand it is **. 

[0033]Although it is possible to take the purpose of this invention mutually and to 
****** w jth the above compositionit is desirable to satisfy the still more desirable 
following conditions. 

[0034](i) When [ of the 3rd lens group ] a focal distance of f3i and the 3rd lens 

group is most made [ a curvature radius of a lens side by the side of an object ] 

into f3 for a focal distance of a negative lens of R 3 if and the 3rd lens group most 

located in the object sideit is -0.60< R 3 if/f3<-0.10. -- (2) 

0.30<R 3 if/f 3 i<0.90--(3) 

They are the becoming conditions. 

[0035]The conditional expression (2) and (3) is a thing for [ of the 3rd group ] 
restricting curvature of a field by the side of the image surface mostlt becomes 
difficult for concave curvature and a focal distance to become looseand to keep 
long enough a back focus which is the purpose of this inventionif a maximum is 
exceededlt becomes difficult to amend a high order spherical aberration 
generated when a bundle of rays emitted from the 2nd group in a wide angle end 
will enter into the 3rd groupif a minimum is exceededand it becomes impossible 
to attain highly efficient-ization. 

[0036](ii) said 3rd lens group - most a positive lens (a cemented lens is included) 
to the image surface side[ arrange and ] When a focal distance of R3irR32rthis 
positive lensand said 3rd lens group is respectively made into f32 and f3 for a 
curvature radius of a lens side by the side of an object of this positive lensand the 
image surfaceit is 1.0<|R3ir/R32r|<5.0. -- (4) 
1.5<f 3 /f 3 2<5.0 -- (5) 

It is satisfying a becoming conditional expression. 

[0037]The conditional expression (4) and (5) is a thing for [ of the 3rd lens group ] 
restricting curvature of a field by the side of the image surface mostlf a minimum 



is exceededit will become difficult to keep long enough a back focus which is the 
purpose of this inventionit becomes difficult to amend a high order spherical 
aberration generated when entering into the 4th lens group that ejects the 3rd 
lens group and has a focal functionif a maximum is exceededand it becomes 
impossible to attain highly efficient-ization. 

[0038]By the 1st lens group to the 2nd lens group to the 2nd lens group and the 
3rd lens group(iii) Air spacingA focal distance of omegaa wide angle enda tele 
edgeand said 4th lens group for a half-field angle [ in / for peace / L and a wide 
angle end ] respectivelyWhen air spacing of said 3rd lens group to fwtaand an 
infinite distance object in a tele edge and the 4th lens group is set to Dit is 
0.66<L/(f t and tanomega) <1.17. - (6) 
4.00<f 4 /fw<7.00 -- (7) 
0.10<D/f t <0.30 - (8) 
They are the becoming conditions. 

[0039]A conditional expression (6) is what optimizes a relation of a zoom ratio for 
moving space for variable power of the 2nd lens groupThe negative PETTSU bar 
sum which will not change if negative refracting power is not strengthened in 
order to earn the amount of variable power burdens of the 2nd lens groupif space 
for movement of as opposed to [ when upper limit is exceeded ] variable power is 
too largeimitates huge-ization of an overall lengthcomes and exceeds a lower 
limitand shows a curvature of field increasesand it is not desirable. 
[0040]A back focus becomes long more than neededif a conditional expression 
(7) optimizes the length of a back focus and upper limit is exceededit will imitate 
huge-ization of an overall length and will comeand if a lower limit is exceededit 
will become difficult to secure a back focus long enough. 
[0041 ]A conditional expression (8) is what optimizes a relation of a focal distance 
of movable space of the 4th group for a focusand a tele edgelf large D is taken 
so that upper limit is exceededhuge-ization of an overall length will be imitated 
and it will comeand undesirablyif a lower limit is exceededit will become 
impossible to secure sufficient space for a focusand trouble will appear in the 



operativity of a zoom lens. 

[0042]Nowin order to fully amend a chromatic aberration of a tele edge the 2nd 
groupAlthough what is necessary is just to comprise at least two negative lenses 
and at least one positive lensin order to expand a principal point interval of the 
2nd lens group and the 3rd lens group as mentioned aboveby this exampleit 
contributes to a thing of this 2nd lens group for which a negative lens is arranged 
and a back focus is lengthened most further at the image surface side. 
[0043]ln order to amend good aberration compensationespecially a chromatic 
aberration goodit is having at least one cemented lens in the 3rd groupas shown 
in the 1-3rd and the 9th working example. As stated also in advancewith high- 
definition-izing of a video cameraa chromatic aberration which seldom became a 
problem conventionallyespecially the chromatic aberration of magnification 
became a problemand have amended this good. 

[0044]ln this examplein order to make an image of the 1st lens group smallan 
aperture diaphragm has been arranged just before the 3rd lens groupbut it does 
not interfere between the 3rd lens group and the 4th lens group or between a 
negative lens in the 34th lens groupand a positive lenswithout restricting to this 
position. 

[0045]a state of a beam of light which lengthens an exit pupil for the 3rd lens 
group as negative and positive at orderand ejects a zoom lens in this example or 
an abbreviated callas it becomes centricBy making loose an angle of a beam of 
light which enters into a color separation prism arranged in the backreflection 
property change by wavelength of a color separation system is canceledand 
color reproduction nature of a deed picture is dramatically improved color 
separation faithful. 

[0046]Like this lenswith a lens of high magnificationa focal distance of a tele 
terminal becomes very longand performance of a tele terminal and its 
neighborhood is greatly influenced by this 2nd group. And if an aspheric surface 
is introduced into this 2nd lens groupit will become possible to improve optical 
performance. 



[0047]Since it aims fundamental at amendment of a spherical aberrationit is 
desirable for positive refracting power to serve as shape which becomes weak as 
an aspheric surface goes to a periphery of a lens. 

[0048]ln order to amend good aberration compensationespecially a chromatic 
aberration goodat least one positive lens in the 4th group is constituting from 
glass with which it is satisfied of nud>64.0. Howevernud is an Abbe number of 
glass. 

[0049] It is the conditions for amending the chromatic aberration of magnification 
goodand the chromatic aberration of magnification becomes an undershirt and 
this conditional expression does not have itif an Abbe number is made small 
exceeding a lower limit of a conditional expression. [ preferred ] 
[0050]Belowworking example of this invention is indicated. 
[0051 ]in numerical working example - Ri -- the object side -- order - it is a 
curvature radius of the i-th lens sideandas for Dithe i-th lens thickness and air 
spacingnickeland nui are a refractive index and an Abbe number of glass of the i- 
th lens in order from the object side in the object siderespectively. 
[0052]R24 - R25 grade in R28-R29 in numerical working example 1R26-R27 in 
numerical working example 23and 9and numerical working example 4-8 A cover 
glass partR26 - R29 grade in R28 - R31 numerical-value working example 4-8 in 
R30-R33 in numerical working example land numerical working example 23and 
9 show glass blockssuch as a color separation prisma light filterand a faceplate. 
[0053] Relation between the above-mentioned monograph affair type and many 
numerical values in numerical working example is shown in table-1. 
[0054]When aspherical surface shape makes positive a direction of movement of 
the X-axisan optic axis and a perpendicular direction H axisand light in an optical 
axis direction and a paraxial curvature radius and each surface-of-a-sphere 
coefficient are set to KBCDand E for R[0055] 
[External Character 4] 
1 



It expresses with the becoming formula. 

[0056]For examplethe display of "e-0 x " means "10 x ." 

[0057] 

[Table 1] 

s 



[0058] 

[External Character 5] 
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[0059] 

[External Character 6] 
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[0060] 

[External Character 7] 



[0061] 

[External Character 8] 



[0062] 

[External Character 9] 



[0063] 

[External Character 10] 




[0064] 

[External Character 11] 




[0065] 

[External Character 12] 



[0066] 

[External Character 13] 




[0067] 

[Effect of the lnvention]Though about FNo.1 .6 and a large caliber are secured by 
15 or more variable power ratios and high variable power by constituting as 
explained aboveOffer of the zoom lens of the rear focus type which has good 
performance covering all the zoom areas and whole object distance fully 
securing the back focus space containing optical elementssuch as prism for color 
separationor the optical element aiming at protection of a zoom lens part is 
attainedA small lightweight highly efficient lens attachment-and-detachment type 



video camera is realizable using this zoom lens. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] The lens sectional view of numerical working example 1 about this 
invention. 

[Drawing 2] The lens sectional view of numerical working example 2 about this 
invention. 

[Drawing 3] The lens sectional view of numerical working example 3 about this 
invention. 

[Drawing 4] The lens sectional view of numerical working example 4 about this 
invention. 

[Drawing 5] The lens sectional view of numerical working example 5 about this 
invention. 

[Drawing 6] The lens sectional view of numerical working example 6 about this 
invention. 

[Drawing 7] The lens sectional view of numerical working example 7 about this 
invention. 

[Drawing 8] The lens sectional view of numerical working example 8 about this 
invention. 

[Drawing 9] The lens sectional view of numerical working example 9 about this 
invention. 

[Drawing 10] The several aberration figure of numerical working example 1 about 
this invention. 

[Drawing 11] The several aberration figure of numerical working example 2 about 
this invention. 

[Drawing 12] The several aberration figure of numerical working example 3 about 
this invention. 



[Drawing 13] The several aberration figure of numerical working example 4 about 
this invention. 

[Drawing 14] The several aberration figure of numerical working example 5 about 
this invention. 

[Drawing 15] The several aberration figure of numerical working example 6 about 
this invention. 

[Drawing 16] The several aberration figure of numerical working example 7 about 
this invention. 

[Drawing 17] The several aberration figure of numerical working example 8 about 
this invention. 

[Drawing 18] The several aberration figure of numerical working example 9 about 
this invention. 

[Drawing 19] The principle figure of the zoom lens about this invention. 

[Description of Notations] 

L1 The 1st lens group 

L2 The 2nd lens group 

L3 The 3rd lens group 

L4 The 4th lens group 

g g line 

d d line 

deltaM meridional image surface 
deltas sagittal image surface 
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u vx* « c t r sun i o y 7 

7*-»^OX-AL/VXo 
[8&«>I*JII&B»1] 
[000 1] 

[»W<0Hr*atB»Bl *»Wtt» 'J77*- AX3S 
OX-^UVXtcMU #(cU>X«hCCD<!:fl)Hlcfe 
tfSSX'J Xittf A*£ ? &SIV ty 7 7 * - *7£5t£ 

loo, ji^ttTLtffcmistf/hax. *ns*y 

77*-aX3«>X--^U>XlcH1-*. 
[0002] 

[ooo3] z.tizvsonzmmtzvt'io^mtL 
t» twtfloxi u>x«fw»oixvx»*»ib**T 
7*-*^*»a, mwy77*-»xsc©x-ixu> 

XtWOSfiTt**. 

[0 0 0 4] Hfticy77*-*XSM>X-i*U>X 
li. Ml l/>X»*»B*«T7*-»X*ff9X-A 
UVXlctfc^T, mi UVXP««!«J!Ms!r<fty» 
U>X»^®/J^fc#8JBfc**. XifiJSIfifk t*K 



r*iWft«ja[^te*tfT**. 

[0 0 0 5] C<0«^y77*-*7.iCa)X-AL/>X 
t LTfljttf, ItMlia 6 2-2065 1 6#4i«, Ml 
BS6 2-2 1 5225^«, WHBB6 2-2 42 1 3 

«&m?M*fM£ynicjEaiii uvx», n©m 

2 U>Xf¥, IE<Dm 3 UVXWv IE<Dm4 u>x»*» 
U »2U>X»*»»*-STafS*trt\ »4UVX 
»TSfBfcf¥3«H^*»iET*£Wc» 7*- »-> 
>7*£*t-p X-A U VX*H^ LTL^o 
[0 0 0 6] Hits **II¥4-433 1 1 ^ii?8> #M 
f4-1 536 1 5*ii*B\ »5-1 9 1 6 5^ii 
«L #M¥ 5-27 1 67 ^iifB, tJ *IWWW 5-6 
097 3*45«Ttt, m4U>Xgf^£bU>XlttSfc 

ciu>X2«fT'«j5i6^ti^jm7 i x?nT^5o $ 

fcs Wi¥5- 6 0 9 7 4^ii^Tl*m4 U>XS¥tf M 

fi© 2 «iT*«j»ffi*tifcX-i* u vxtfust* tir^«. 

[0 0 0 7] Sit, 1*11885 5-6 24 1 9*45«L 49 
HQ 6 2-242 1 3^US8, t*MBS6 2-2 1 52 2 
5 ^iiffls ttMB 5 6-1 1 4920 WMT 3 

-200 1 1 3<tii«U WBPP4-242707^4S 
$8. WH¥4 - 3 4 3 3 1 39211, 49HI¥5 - 2 9 7 
2 7 5*^t* : ©a«7*tt*©*««*t::»3«, m4 
Wtff-tlfhfl 5 * IEU>X, ftU>Xfl>2W§j8?ft* 

[0 0 0 8] £/c, tfT^T'y+OKttlWb (r-7*;U 

*<0 1 ofl!)3Kfit LTfe»DBtt*»fc 
iyjSHR^aifiJcLTl^. **tfcB.LfcU> 
X<t LT, WUJ¥ 5-7247 4^ii$Bv 4*M¥6 - 5 
1 1 9 99ii«, $M¥6 - 3 3 7 3 5 3^4i«J, $68 
¥6-3 47 6 9 7*iJS8, W7 - 1 9 9 0 6 99 
»M¥7 - 2 7 0 6 8 44&ag«a>i»Bfl t ««. 
[0009] 

ic, -flglcX-AUVXlcfc^T, S?5S • sxaxha 

<b^»fi£-r?.(ctt, mi uvx»K**rai^te«*y 

P^Wy77*-*7>7?^:©7D*' i ®LTL^o 
[0 0 10] LA^LSA^Ss t*M?4-0 2 68 1 1* 
4JHS3 JctfltlW 4-88309 ^ii«T*B, ^W^gfiK 

^c^5l^Te»llxy xi**E«r H»T»o/t. 

[0011] WPJT4-4 3 3 1 1 «4i«, ttn 

¥4-1 5 36 1 5*4S«. »BB¥5-1 9 1 6 5#£ 
$8, ItPjl^ 5-27 1 67 «fc tf»H¥ 5-6 

0 9 7 3^$8Tf^?tlTl^iItx6cDX-AUVX 

TttX-^Jttfefis^s 8<ssaT» y z:nix±©^fg 
ft y r rrffliE L*tir»#*«*ttie*«i*** ^ 

tltmMT'&^rCo Sfc, 1* H¥ 5-6097 4^iilB 
T'fflm-Z nTl^ffllT'ts X- AtbA^ 8 fg7 5 7 <t 



(3) 



#^¥9-2 8 1 390 



►J fttffcigfgtttfjifiJte-tlT l>ft fro /co 
[0 0 12] ^BS5 5-6 24 1 9-ti}$B. ft 

BBBB5 6 - 1 1 4 9 2 O^Si, ftFJ¥3 - 2 0 0 1 1 
3*2«?H!l***l7VS*l?tt. W1»*fc«, m3 
»«.WStcfls-3T»»r*fci6ll««IJ6i«t8ltl!:ay'h 

4-24 2707#£$8&imii8¥4-3433 1 3# 
ttNV 5-297275 ^IgKM*;* tlTl^S 
ffilTtt* 3 Stf ***ffl«IBPB*8-3«USi: ft o Tfc y 
* 5 (cm 3 »*©* U VX©JBSMjtf BlofcMHMSX 
- A UVXfcajBr SfcftlcttW 3 »T56Sr *fe1Xg 
*»#fc*E?***'rXi:ttftSftt\ Wctt* KH 
¥5-29727 5*a*"P«IE*tlT^*ffilTttII3 
gf*<D(a^-7.^^UVX*^Effllc3i^[H]S^[p|ltfc 

UVXW6£ LfcH*©7 U7-ja»*IH 1/ VXTfiJ* 

*ic»^fii*ft«iaT**fc»*pas iiSfgx-^u 

VXlcBTOIft * -f TT'SS. 
[0 0 13] »B¥5-7 247 494ML RH 

¥6-5 119 9^ii«s W6-3 3 7 3 5 3^1* 
$B> ftHV6-3 47 6 9 74£ML 8j0P7-1 9 9 
0 6 9 ^£3^ #1¥7 - 2 7 0 6 8 4 ^iiSBSTaiiSB 

ibtf i o ~ 1 2 issmt^a y ft#ftSfg<btf sibe** 

TVftfrofc. 
[0 0 14] *8H©SttH:, ±Et£*0J©&j£«3ft 
U ftlC*fflMAffiSOltBB¥ 7-27068 4*itt$8 

-axamsatfiawiu £X-a® • &fat*&mz 

fcfc?Tfi»ft3fc$Mitt«ltl*L'30*Qg?1 6<gg 

jg©isg<g£ ei -a fc y 7 7 * -a xsmx-u u >x* 

««U ^to-ttTBX-AUVXO^K^rififttrT** 
[00 15] 

£T\ WMIJ:'JJIlc« iE©H«f***r*JB 1 b>X 
8, »©H«T***r«*2UVXIIk jECBJJWj** 

ra«3u>xw» jE©H«wj*irr*»4i/vxs* 

SU «B»2U>XWtf9iBJB4U>X»*»ifc*# 
TX-5>y*fi^B3!Hm4 UVX»*»Bi**T7* 
-^7.^75U77*-*XiCX-/*U>XTSoT^ 
Suiejg3 bVXWtt, «fc*<M»t=WM!l'NMIi*lRl«- 

fc*uvx**u fcfismm&tomzmzmx-k 

bVX©S»Bfr6«E*?©ffi«i*2«fc»gLfcB3 

[00 16] 
W2] 



8 . 1 < B F x /(f ( xtanu) <13. 3 

[0017] -rft^-Ss s2u>xptcTHi(*n/ci i c 
c m 3 p©ijSHB*m 2ff/rea wsi -5 k 

B3E-r*C£U:*yS2UVXi¥£E3S3UVXi¥£© 

±jann*j: y w*w 3 u vxbk xwr*»±ft«s 
*fe»©jii4»©«ua®i*«<-rscttfT*7-* 

>?7>(Z*>XtLT<Drtv<77*-t)XZ&<t% 
t>©7«2. TfttoS«3UVXW*'T*jraRtfl*77 
*-*;U?**fc»7to*7*-ax©S*li£j£i*? 

twr* t««*4 uvxsoajiMSBirautft*. 

tj£oT^IR©ji^!E8l : &@J£LTS4 U>X»©*jSiE 
«**<f*fcttlE»BI1 9TS*n»«l<Jll3UVX 

[0 0 18] X> WC, Huf3£U>X©«W!iy©bVX 
ffi©tt$¥S^R31f . H5IBftb>Xi:Miam3U>X 
«©MjjUSi*ft4 f 31f . f 3 £ LfcW, 
-0. 6 0<R31f /f 3 <~0. 1 0 
0. 30<R3if /f 31<0. 90 
ft**ttS*atE*tfT, /W^7*-»X*5l«r* 
fiffft«»/Mi6*i«J:3KLT^*. 

[0 0 19] Sft£ftttlt* ttT©KWlcE**tiTt^ 

[002 0] 

[«m©mt©mtt] *ic, *»»©Jitt«*Jii^T* 

[002 1] H1~H9tt*fMB©yy , 7*-»XiC© 
X-AU>X©8W*SteHffi0iJ1~9©U>X»riS 

HI 0H81 8li&Xtttt©KiR&ia*&4CT?. 
*«SHlc*J^T AttlEft «l=fi»*«iRSR B tt* m 
icSltSHSSBk C tta&ttK£tt3RiRSBI«iiVr. 

[0 0 2 2] HfL 1 t*IE©®tfr^l©m 1 U>X& L 
2t*a©SJJT7D©M2 l/VXWL L 3 BiE©JB»WJ©JS 
3U>XS¥. L4ttiE©JBfiW3©»4UVXWras*. 

s p it nnts y t« y , s 3 u>x» l 3 ©emicish 

LTl^o GAttx X-Ikl/VX©«H*aW4L/fc« 
H#7XT*y, GB»tfe»)K7yX^CCD©7i 
-XXI/- HpP-/<X7-fJU*-»flMJ5X7n** 
T'S^. L 1 A^GA*-p^X-i»UVXWP«y, "7 

[0023] *naiH?iti£flii»6aai>^©Sfgic 

^LT^8l©<fc3(cm2 l/>X»*«ffiflpv»«*** 

ijtit^ aft»cff^«niaifc*i!4i/vxw*»Ki*-e 

T«ELTL'>*. X. S4 U>X8£jfctt±»»*-»*T 



(4) 



£M¥9-2 8 1 3 90 



'\fi!>SaS(c|»LTW*il / Nfli«W)W»«»-r*J:3lc» 
z.in\z^)^vyxUt%Avyxm 
tmKQGmmzwv \yyx^m<Dmmt^m^ 

wc7*-axLTi^£*©fl^«*#ssa« / \©s 

-t)X0)V£®fcT*$>2>. 

[0 0 2 4] HttRI^, 9K£^T& Sg3U 

yxmt. iEfrttz$i<»mfTiwm-£is>xt. 

tLTUKP*YXOiEU>X»*«|[aLTt^. *L 
T, H©JH»W3©»*UVXtt, WMWOUVXHItf* 

AffiB«ff 2 U>Xf¥fr6 sreM-emi***.' ty * 7 

[0 0 2 5] -^tuiaiEOS^OS^UVXtt, $5® 

flicuvxffitfttSduvxoiwMiflDDBtcik^ar^/a 

(A*¥8tfSl^) *«U C©tt*U>Xt»mi« 
KX3 UVXSf0±^ffiS^*2 l/>XB*6a?(rt 
SMSfioTfiU, M4 U>X8¥©£u£S§g|*g< U 
ftoT/ Kv * 7 * 1 Z d <t icffiK LTV 

8. 1 < B F x V?^/ ( f f x t 



[0 0 2 6] ttfittiM!4~8fcfel*Ttt» fg3U>X 
f¥ttS©*U>X£, IE©*U>XT*8lJ8*tu iq« 
\Zs £tt<kLTUhP*'f7 , ©IEbVXi¥*8§lSLT^ 
5. IC SMB*©* b >X»41WMi©fl5tf a^HB? 

»u k 3 t¥©±Aiftii«ii 2 affr sa;!rtt*asj*fio 

TtJUs «4«©*j»E**Jl<Ltt9T/t'y*7*- 

[0 0 2 7] -^8uIBiE(D*U>Xli, MBfl!©0D#ft 
^©HKtKB^IIf/r® (flJWiSiWBO) £WUfl 
3 UVXS©±jS«MMr«2 U>XW#SS3'tt*«ll 
ta^Tfi'J, SMU>Xi¥©«u5Sg8i£ft< U£oT 

/ w ? 7 * -a xz& < r * c <t lt^«. 
[0028] z.<j)&?\z, *mmmz-u. m3ix>xs¥ 
©•twtfirciiL/:'X*BBU co%vyx<J3mw 
moi'yxwzvitemimmt LT±&<m*'&i5im 

IU &£Kfe#fi?7UX/*£iBBT**J§©/W?7 
t-XXZm&LTVZc 

[0 0 2 9] zlt. Ay?y*-t)xzm®tztt 

KfcH*£BU>X©gi|iSEfr5®E£7©Sggt£2flU: 
£ftL/j:llf©ft2£BF. j£fta£Kfctt*£&©£UgS§ 
«£§flttF*;//f-» ¥Mft«#4f|; Fnw^ w<bL 

[00 3 0] 
[fl-3] 



a n «) < 1 3. 3 



(1) 



[0 0 3 1] TH**«*TF^-V/<-*W*<r*t 
[0 0 3 2] ±mm%M7LT. Fi-yrt-&*<*t>.t 

dd&mb£©n(csiis n*e»fl?7'j x^^/jN^k-r 

-0. 6 0<F?3if /f 3 <-0 
0. 30<R3if /f 31<0. 

[0 0 3 5] &#St (2) % (3) <!:fclC3[l3i¥©«fc 

5 1 HB©a*Mtttcfcj{&8§«tf0* < y *&e© s 
WT*fc*/ * 7 * -* X*3E#tc« < C <!: #BK 

lt < zimmftn 3 pic AatT*iwc»£-r «s &© 

1 . 0< I R31r /R32r I <5 
1 . 5<f 3 /f32<5. 0 



?\ &U>X£fi©g:ttb£3:ta<o 
[0 0 3 3] «±©aMK\ :MMIi©B««£y£Ar 
»8T* C <!: OTmrStft MKSt L < ttTIB©* 

[0 0 3 4] ( i ) «3 U>XP©«fc%)tt:fJ©UVX 
E©fi*¥?I£R31f . m3U>X^<DMttt»§Jlcfu 

■r*au vxoaij»i«« f 3i> ^3 u>x»©«ua 

.10 - (2) 

9 0 — (3) 

[0036] ( i i ) Miem3 U>X^©ftt#ffl 

ffliJ(ciEU>X (J8£U>X**fc) ^IBBL^ IJiEUV 
X©«#f!lt«Bfl©U>XlB©ift»i|ia**« R 
31r - R32r . KiEU>X^LT 1512^3 UVXf*©^ 
)Srai**«f 32. f3 tLfc«» 
. 0 - (4) 

- (5) 

[0037] (4) , (5) t*>izn3i,yxm 



(5) 



&|I8¥9-28 1 3 90 



zmuz t*sm<r) a m*z>zi w v 7 * -t> zznft 

»<»:SoT^tt^b^jifi2T 5 $^< ft*. 

0. 6 6<L/ (f t ■ tanu) 
4. 00<f4 /f w <7. 00 
0. 1 0<D/f t <0. 3 0 

[0039] ^ftic (6) im2is>xm<Dmfe<orctt> 

g©g*{b££ta$> TH1i*H**i:IS2Uy;CS© 

[0 0 4 0] (7) tt/t**7*- »X©«S:* 

taaicaivto *7 *- ax*aar* c t^H 

[0 04 1] (8) »i7*-*^(0/-c46(D»4» 

ftWb**fc*»*L<*<» TM*B**i:7*- 
>X©»fHSfc3£»tf?T < So 

[0042] st, aattaeiouteftftictiiiErtfc 

«MEa2«Mi, 'i>ft<t*>2&<DnisyXt'J>ft<t*, 

i*iaa©j:3»c*2 [yyxmtms uvxaeaana 

*EBLT*SU:/W*7*--AX*ft<T*E£tc* 

[0 0 4 3] SfcEKAffaaaaiEt KlcfiiRaSfi 
»fclliET*fci&tetts mi~3. M9J!ttflia5%tta 
<Sg3i¥lC>&< 1 0<3D»^UVX*^f *C<kT 

«aE**ynH(ca6fttcofefe«a % wis 

fi*&*atfmB&ttU C*i*Rfffc«IELT^*. 

[0044] *nss«9T*tts an u>x»©a*'j» 

*<T*fcttW*IP«y«S3U>X»B»fcEBLfc 
Jb\ COflzSlcKg^cl JfS3U>Xf¥,!:m4UV 

[0 0 4 5] ft. *«BfflTW\ B3l/>XW»Bfc 

^ iE<t lt» mmm^m<L. x-Au>x^waj-r 
*©«*k:eb* tifce#B7*u xwcAarsata© 



[0 0 3 8] (i i i) X, 811 lsVXttfr6H2l/V 
XPx *LTB2UVX»frSB3l/:/XWrr©T'ffl 

Baa*LTmBa4uvxB©aaea***, f 
w . ft . f4 . sa«T©aHai««;:*M-*HMaB 
3 u>x»t»4 uvx»oa«aa«D t L^a, 

<1 . 1 7 - (6) 

- (7) 

- (8) 

Ktemtzmm u &^e&B(cfri''Ba©&ifatt 

[0 0 4 6] *U>X©J:5l=»fS*©U>XT 

*©tt>fi©ttBtf aa 2 « ic*a < bb**it <5.? 

LT. Z©B2UVX»lc#Bffi*WAT*itf3fc¥ttB 

[0 0 4 7] ftfi, M^ffitt, «*Wlc«®CS0)ffiIE 
*IWtLTl>4ft», l/VXOBiZlBlClXKLfctf 
iEOBSf 73<«S < fcSflJtti: 4% C <!: B* U\ 
[0 0 4 8] MIC Bl$?fciKSffiIE> ffK&ttBSIlff 

ic«jjEr*fctttci*» B4»*©'j>&<£tio©jEu 

>XU\ 

i/d >6 4 . 0 

[0049] c ©**««, fi*&iHi*ft»tc«jE-r 
i\ 

[ooso] j-xtic *BH©jgKa«Gar«. 
[0051] aBBaaic&i.*?,. r i i*a#a*ya 
rca i aarouvxffiottws, d i is, tottffiyry 
atca i #g©uvxa&tfaBBHi* n i & v i a* 
n^maflEffli]«kyimc« i BB©u>x©tf5x©asr 

[0 0 5 2] 3=fc, BABBIM 1 fcfctt* R 2 8~R 2 
9. 8fitHB60lJ2. 3, 9IC£1*3R2 6~R2 7. A 
fflHJSfil4~8lctJlt5R 2 4~R 2 5f(i«S»77. 

a. Baaaa 1 leases r 3 o ~ r 3 3 , aaaaa 

2, 3, 9Kfctt*R2 8~R3 1»fitll»0!l4~8lC 

ait«R2 6~R2 9att. e»axyxA, 3^7-f 

;U5t-, 7x-X7 , U-ha®#7X7 , Pv?*5*T. 
[0 0 5 4] MDatttt. 3«M«l4lcXtt. JttttS 

a^aH«. ftvm'ttfaziEt u Rsaaaa* 
a, saa*»«K, b. c. d. EiLfci*, 

[0 0 5 5] 
W4] 



(6) 



^¥9-2 8 1 3 90 



x = 



U/TOH 3 



lx,/l-(l+K)(H/R) 



tBH 4 + C H 6 + DH 8 + Eh" 



[0 0 5 6] xtdHZtt r e -oX j ommt n 



o-xj zmmtZo 

[0057] 
[S1] 



[0058] 







1 


2 


3 


4 


5 


6 


7 


8 


9 


(i) 


10. 59 


10. 90 


11.09 


9. 95 


a 59 


10.03 


10.03 


10.04 


9. 08 


C2) 


-0. 255 


-a 328 


-a 385 


-0.259 


H). 276 


H). 268 


-0. 275 


-0. 257 


-0. 269 


(3) 


0.412 


0.597 


0.758 


0.598 


0.548 


0. 575 


0.594 


0. 593 


0. 750 


(4) 


2.428 


1. 313 


1. 338 


3.360 


3.191 


3. 296 


3.299 


3. 353 


1.373 


(5) 


a 304 


2.483 


2.608 


2. 824 


2. 648 


2.750 


2. 771 


2. 893 


2. 880 


(6) 


0. 935 


0.932 


0.908 


0.917 


0. 925 


0.921 


0.921 


0.918 


0. 998 


CD 


5.159 


5.178 


5.265 


5.281 


5. 220 


5. 294 


5.288 


5. 278 


5. 266 


(8) 


0. 225 


0.192 


0.208 


0.260 


0.228 


0. 253 


0.255 


0.258 


0. 207 



[*5] 



ttffiSSBMl 





f=l~15. 42 




Fno=l. 65-2. 61 


2co= 59. 0° 


-4.2° 


R 1 = 


14. 996 


D 1= 




0. 30 


N 1= 1. 846660 


v 1=23.8 


R 2 = 


7. 420 


D 2= 




1.01 


N 2= 1. 603112 


u 2=60.7 


R 3 = 


-55. 755 


D 3= 




0.04 






R 4 = 


6. 528 


D 4= 




0.58 


N 3= 1. 696797 


» 3=55.5 


R 5 - 


16.528 


D 5= 


TO 








R 6 = 


6. 618 


D 6= 




0.16 


N 4= 1.882997 


u 4=40.8 


R 7 = 


1.639 


D 7= 




0. 67 






R 8 = 


-5. 612 


D 8= 




0. 14 


N 5= 1. 882997 


v 5=40.8 


R fl = 


6. 435 


D 9= 




0.11 






RIO = 


3. 282 


D10= 




a 55 


N 6= 1.846660 


» 6=23.8 


Rll = 


-4. 917 


Dll= 




0.09 






R12 = 


-3. 110 


D12= 




0.14 


N 7= 1. 772499 


u 7=49.6 


R13 = 


52. 786 


D13- 


TO 








RU = 


GKO) 


D14= 




0.60 


N 8= 1.772499 




R15 = 


-4. 354 


D15= 




0.14 


v 8=49.6 


R16 = 


7.442 


D16= 




0. 44 


N 9= 1.846660 


u 9=23.8 


R17 - 


-12. 275 


D17- 




0. 39 






R18*= 


12. 057 


D18- 




0. 81 


M10- 1. 583126 


u 10= 59. 4 


R19 = 


-3. 212 


D19= 




0.17 


Nll» 1. 846660 


1/11=23.8 


R20 = 


-4. 966 


D20= 










R21 - 


7.169 


D21 = 




0. 60 


N12= 1.583126 


v\Z= 59.4 


R22 - 


-10. 614 


D22= 




0. 03 






R23 = 


10. 386 


D23= 




0. 18 


N13= 1. 805181 


i/13= 25.4 


R24 - 


3. 038 


D24= 




a 74 


N14= 1.487490 


i/14= 70.2 


R25 = 


-68. 690 


D25= 




0.03 






R26 =■ 


5. 180 


D26- 




0.42 


N15- 1. 603420 


v 15= Sfi. 0 


R27 = 


18. 977 


D27= 




0.35 
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